Structural and virus-induced infected cell polypeptides of several strains of influenza B virus were examined by high resolution polyacrylamide gel electrophoresis and shown to be directly analogous to those of the influenza A viruses. Eight structural polypeptides, P1, P2, Ps, HAj, HA2, NA, NP and M were observed in purified virus and at least two additional polypeptides, HA and NS could be detected in infected MDCK cells. The three P proteins plus NP were shown to be associated with RNA-dependent RNA polymerase activity and HA, HA1, HA2 and NA were shown to be glycosylated. Like the influenza A viruses, migrational differences of some of the infected cell polypeptides could be observed between different B strains. Investigation of a time course of virus replication failed to show any temporal control of protein synthesis in the infected cell.
INTRODUCTION
Comparative studies on the two closely related virus types, influenza A and influenza B, may be of value in identifying certain molecular characteristics which influence their differing biological properties. Influenza B strains, which are distinguished from the A strains on the basis of the antigenicity of their internal ribonucleoprotein (Francis et al. I95O; Hoyle et al. I96I) do not appear to undergo major antigenic shifts and hence do not cause the frequent and major epidemics associated with the influenza A viruses (Chakraverty, I97I, I972; Schild et al. I973 ). An explanation for this difference may lie in the observation that influenza B viruses seem to be endemic only in humans and unlike the A viruses are therefore unable to draw new antigenic determinants from a large animal reservoir. Differences in the pathogenicity of influenza A and B viruses may also exist. Influenza B virus seems to be more virulent in children and has been more often implicated in Reye's syndrome (Riley, I972) .
The molecular basis of these biological differences may become apparent through comparing detailed structural analyses of influenza A and B virus strains.
Recently, influenza B strains have been included in several general studies on influenza virus RNA structure and have been found to be very similar to the A strains in possessing eight single-stranded genome segments (Ritchey et al. t976a; Desselberger & Palese, I978) . Furthermore, these RNA segments show some sequence homology with those of the A strains at their 5' termini (Skehel & Hay, I978) . The polypeptides of the influenza B strains however have been relatively less well studied and the number and identity of the virus specified polypeptides has not been unequivocally determined (Oxford, 1973 ; Choppin et al. ~975: Kendal, 1975 : Tobita & Kilbourne, 1975 Racaniello & Palese, I978) . In this communication we describe an analysis of the proteins of purified influenza B virus and an investigation into the synthesis of influenza B virus-induced infected cell polypeptides using high resolution polyacrylamide gel electrophoresis. We show that influenza B viruses are directly analogous to the influenza A viruses in composition and show similarities in synthesis and processing of infected cell polypeptides.
METHODS

Cells and viruses.
Madin Darby canine kidney (MDCK) cells were propagated in MEM containing lo O//o foetal calf serum. Chick embryo fibroblasts (CEF)• from specific pathogenfree (SPF) eggs were prepared as described by Borland & Mahy (I968) The viruses were propagated in l I day-old fertile hens eggs for 48 h at 34 °C. Each batch of harvested allantoic fluid was sterility tested and stored at -7o °C.
Purification of virus. Virus harvested from hens' eggs was purified as follows. After clarification of the allantoic fluid at Ioooo g for ~o min, the virus was pelleted at 4oooo g for 90 rain. The resuspended virus [in loo m~-NaCl, Io mM-tris, pH 7"4, x mM-EDTA (NTE)] was layered on to a I5 to 6o % (w/v) sucrose in NTE gradient and centrifuged at 68ooog for 75 rain. The visible virus band was collected, pelleted, resuspended and layered on to a 2o to 4o °',; (w/v) tartrate in NTE gradient and centrifuged to equilibrium at 18ooo g for ~6 h. A visible virus band was collected, diluted with NTE and re-pelleted.
Virus fractionation. The method of virus fractionation was basically that described by Rochovansky (L976), with slight modification. Briefly, virus in NT buffer (Ioo mM-NaCI, lo mM-tris, pH 7'4) plus Ioo mM-KCI, 3'3 mM-dithiothreitol, 50 mM-MgC12 was disrupted with o.2 % Nonidet P4o at 3I 'C for 2o rain and layered on to a discontinuous glycerol gradient consisting~ of I '4 ml 33 %o, 0'4 ml 40 O/.o, 0.6 ml 50 O//o and 1"3 ml 70 ~ glycerol in the above buffer. After centrifugation at 4 °C for 4"5 h in the Beckman SW5o. L rotor at 5oooo rev/min, the gradient was fractionated into o'5 ml amounts.
Labelling o f infected cell polypeptides. At various times p.i., infected cell polypeptides were pulse labelled with 35S-L-methionine at 40 #Ci/ml in methionine-free MEM for I5 min, as described by Inglis et al. (1976) . After washing with cold saline, cells were harvested directly into Laemmli sample buffer and prepared for electrophoresis (Laemmli, 197o; Almond et al. 1977) . For pulse-chase experiments, after the labelling period, cells were washed twice with warm Hanks' balanced salt solution and then covered with normal (methionine-containing) MEM. 3H-glucosamine labelling was carried out in the same way except that labelling periods of 0"5 h were used and 3H-glucosamine at loo/zCi/ml was applied in MEM containing 20 % of the normal glucose concentration.
RNA-dependent RNA polymerase assay. The assay for RNA-dependent RNA polymerase activity was performed as described by Notch & Krug (t977) using 0"4 mM-ApG as primer. It was not necessary to use additional detergent with disrupted and fractionated virus.
Chemicals and isotopes, a~S-L-methionine and 3H-D-glucosamine were obtained from the Radiochemical Centre, Amersham, Bucks., England. Acrylamide was obtained from Serva Feinbiochemica, Heidelberg, W. Germany and bis-acrylamide from Merck, Darmstadt, W. Germany. ApG was purchased from Sigma Chemical Co., MiJnchen, W. Germany.
Polyacrylamide gel electrophoresis. Polyacrylamide gel electrophoresis was carried out by the method of Laemmli (197o), as described previously (Inglis et al. I976) . Mol. wt. estimations were made by plotting distance migrated against log tool. wt. using as standards, influenza A fowl plague virus Rostock polypeptides (mol. wt. as given by Inglis et al. 1976 : bovine serum albumin, 68ooo; trypsin inhibitor, 215oo; RNA polymerase ~, 39ooo, fl, I55OOO and fl', r65ooo.
RESULTS
Structural and non-structural influenza B virus polypeptides
The polypeptides of a purified preparation of influenza B virus, strain Ann Arbor 1/66, are shown in Fig. I , track P, which shows 35S-L-methionine pulselabelled infected MDCK cells at 6 h p.i., reveals two prominent additional bands. The largest of these could be chased into HA~ and HA 2 (Fig. I b , tracks PC and PC+Trp) and was therefore labelled HA. The degree of cleavage during a 45 rain chase period could be noticeably increased if IO #g/ml of trypsin were included in the overlying maintenance medium (track PC + Trp) suggesting that the HA is transported, after synthesis, to the cell surface. The second additional polypeptide observed in infected cells, labelled NS, appeared to be synthesized in large amounts and was not noticeably modified during the chase period. Because this protein could not be found in purified virus nor in uninfected cells (see Fig. 3 and 6) it was concluded that it is analogous to the non-structural polypeptide of influenza A virus. Its tool. wt. (37ooo) is, however, significantly larger than the NS of the A strains (230oo). This confirms a previous observation of a non-structural polypeptide in influenza B virus-infected cells (Racaniello & Palese, I978) .
Labelling of infected cell polypeptides with 3H-glucosamine ( Fig. 2) revealed one major band which co-migrated with the uncleaved haemagglutinin [track (a)]. Longer exposure [track (d)] revealed three additional bands, two of which co-migrated with HA1 and HA2 and a third which migrated in a similar position to the nucleoprotein. This third band probably represents the neuraminidase since it is unlikely that the NP is glycosylated and NA has previously been observed to co-migrate with the nucleoprotein on SDS-PAGE (Oxford, 1973) . It is noteworthy that in Fig. I (b) , track P, a band migrating slightly slower than NP can be observed; this subsequently disappears during the chase period (Fig. I b , tracks PC and PC + Trp). It is possible that this polypeptide is also the neuraminidase and that post-translational modification causes it then to co-migrate with NP. An alternative explanation is that this band represents a phosphorylated form of NP as can be observed in influenza A virus-infected cells (J. W. Almond, unpublished data) and that dephosphorylation occurs during the chase period. Evidence that all the induced polypeptides observed in infected cells are in fact virus specified was provided by a comparison of polypeptide synthesis in the presence and absence of NaC1. It has been observed that the translation of Infected MDCK cell polypeptides pulse labelled for I5 rain at 6 h p.i. at 37 °C, with 40/JCi/ml asSmethionine. P, 15 rain pulse only; PC, I5 rain pulse plus 45 min chase; PC+Trp, pulse-chase in which IO #g/ml of trypsin were added to the chase medium.
some virus m R N A s is less susceptible to salt inhibition than host m R N A s (Saborio et al. I974; Nuss et al. I975; Nuss & Koch, I976) and therefore the synthesis of induced proteins under conditions where the synthesis of host cell proteins is drastically reduced may suggest that these induced proteins are virus coded (Lamb et al. 1978) . , aH-glucosamine labelling of infected cell polypeptides. Ceils were pulse labelled with aHglucosamine at 6 h p.i. for 3o rain. After termination of electrophoresis, the 15 ~ gel was prepared for fluorography (Bonner & Laskey, 1974) after staining and destaining as described previously (Inglis et aL I976) . (a) Short exposure revealing major band, HA; (b) control sample: 3sS-methionine-labelled influenza B-infected cells, I5 rain pulse; (c) aH-glucosamine-labelled, uninfected cell control; (d) longer exposure of (a) to preflashed film (Laskey & Mills, r975) , revealing three additional bands HA1, HA2 and NA. Fig. 3 . Influenza B virus polypeptides synthesized in MDCK cells in the presence and absence of I25 mM-NaCl. Cells were pulse labelled for I5 rain with 3~S-methionine at 6 h p.i. in methionine-free MEM or methionine-free MEM containing t25 rnM-NaCl. UC, Uninfected control in the absence of salt. The hose cell background protein synthesis in this figure ( NaCI) appears to be high compared to other figures (e.g. Fig. T and 6 ) because of the increased exposure time needed to detect polypeptides 9 and [o. Gradient fraction Fig. 4 . Fractionation of detergent-disrupted purified influenza B virus (Rochovan~ky, t976). Virus treated with NP4o was fractionated on a glycerol step gradient. After centrifugatibn at 50ooo rev/ rain for 4 h, gradient fractions were collected from the top and either precipitated with ethanol for examination on polyacrylamide gels or assayed for RNA-dependent RNA polymerase activity. (a) Polyacrylamide gel analysis of gradient fractions. Ethanol precipitates were redissolved in Laemmli sample buffer and electrophoresed on a I5 9/oo gel which was subsequently stained with Coomassie blue. (b) RNA-dependent RNA polymerase activity present in each gradient fraction.
suggest that all virus induced polypeptides are virus coded since all are synthesized under hypertonic conditions. The addition of NaC1 also served to accentuate the presence of two smaller proteins, 9 and Io, of u n k n o w n significance. These may be breakdown products of one or more of the large polypeptides, or alternatively, one of them may be a polypeptide analogous to N S z (Skehel, 1972; Inglis & Almond, 1979) [or polypeptide 4 (Lamb et al. 1978) ] observed in influenza A virus-infected cells. These smaller proteins, however, were not consistently observed. 
Virus fractionation
In agreement with Oxford (I973), we were able to detect an R N A -d e p e n d e n t R N A polymerase activity in preparations of purified virus after detergent disruption. To investigate which of the virion proteins were associated with this activity we fractionated detergent-disrupted virus by centrifugation through a discontinuous glycerol step gradient (Rochovansky, I976). Fig. 4(a) shows the fractionation of virus treated with the non-ionic detergent, NP4o. Polymerase activity in each fraction was measured and is shown in Fig. 4(b) . It can be seen that the polymerase activity coincides with fractions 7 and 8 and, although fraction 7 appears to be contaminated with other virus proteins, fraction 8 contains predominantly NP plus all three P proteins.
Comparison of different influenza B virus strains
Recent developments in influenza A virus genetics have been facilitated by the observations that different strains of influenza A virus show migrational differences of the virus-specified polypeptides when subjected to electrophoresis in polyacrylamide gels (Almond et al. 1977; Ritchey et al. 1977) . To determine whether it would be feasible to use similar methods to investigate the genetics of influenza B viruses we examined a number of other influenza B virus strains in our gel system. Fig. 5 shows the infected cell polypeptide pattern of four different strains of virus. In addition, B/Lee/4o and B/HK/8/73 were also examincd (data not shown). Slight migrational differences were observed between polypeptides NS, NP and HA. Migrational differences between the P proteins of the different strains were only detected in the case of P2 but these may in some cases be hidden by the major HA band which obscures this region of the gel. No differences in migration of the M protein could be detected. It is noteworthy that previous workers have reported that all eight RNA segments of the strain B/kee/4o migrate differently from those of B/HK/8/73 (Ueda et al. I978 ); however, we were able to detect polypeptide migrational differences only between NP and M of these two strains (not shown).
Time course of protein synthesis
It has been well established for influenza A viruses that the synthesis of virus specified polypeptides in the infectious cycle is under temporal control (Skehel, 1973 ; Inglis et al. I976; Lamb & Choppin, 1978) . The nucleoprotein and non-structural protein appear to be synthesized early in infection whereas polypeptides M and HA are synthesized predominantly later. Recent evidence suggests that this control is mediated at the level of transcription (Hay et al. t977; Inglis & Mahy, ~979) . To investigate whether a similar pattern of synthesis occurs in the case of influenza B virus, infected MDCK cells were pulse labelled for I5 min at various intervals p.i. The results are shown in Fig. 6 . All the eight virus-specified polypeptides could be detected as early as 90 rain p.i. and no obvious early and late patterns comparable to those observed in influenza A virus-infected cells were apparent. An identical result was obtained in influenza B virus-infected chick embryo fibroblasts (data not shown).
DISCUSSION
High resolution polyacrylamide gel electrophoresis has shown that influenza B virus polypeptides are directly analogous to the polypeptides of influenza A. Eight virus-specified polypeptides can be consistently observed in the infected cell, which agrees with the observation that the virus genome consists of eight segments which may function as single genes (Ritchey et al. 1976b) . The three large polypeptides P1, P2 and P3 and the nucleoprotein, NP, were shown to be associated with RNA-dependent RNA polymerase activity detected after virus fractionation. The major glycoprotein, HA, and its cleavage products, HAa and HAz, could, together with a fourth glycoprotein suspected of being the neuraminidase, be detected in the infected cell by labelling with 3H-glucosamine. Evidence that the HA was transported to the cell surface was provided by the observation that IO/zg/ml of trypsin added to the overlying medium caused an increase in the degree of cleavage to HA~ and HA2 during a 45 rain chase period. These cleavage products were the only form of HA found in mature egg grown virus in all strains examined (B/AA/I/66, B/Eng/989/77 B/Tec/Io/77). It is noteworthy that although complete cleavage of HA was not observed during a 45 rain chase period in infected MDCK cells (Fig. I b) , the virus used, B/AA/I/66, does not require the presence of trypsin in the overlay medium for plaque formation in neither MDCK nor CEF monolayers.
Characteristic features of the influenza B strains when compared on polyacrylamide gels with previously examined A strains are that the NP and particularly the NS proteins have higher tool. wt. It is interesting that the NS is the eighth largest virus coded protein in all influenza A strains so far examined (Inglis et al. 1976; Lamb & Choppin, I976; Ritchey et al. r977 ) and is coded for by the eighth genome segment (Ritchey et aL I976b; Almond et al. 1977 ; Inglis et al. 1977 ; Rohde et al. 1977) . Surprisingly, recent evidence (Racaniello & Palese, I979) suggests that gene 8 codes for NS also in influenza B virus even though in this case NS is the seventh largest polypeptide (37ooo mol. wt.) being significantly larger than the matrix polypeptide (24ooo tool. wt.).
Two small polypeptides, 9 and to (Fig. 3) , were occasionally observed in the infected cell. Whether these represent primary gene products is not yet known; however, hypertonic inhibition experiments suggest that they are made from virus mRNA. Recent evidence suggests that in influenza A viruses, NS2 [ (Skehel, 1972) or polypeptide 4 (Lamb et al. 1978) ] is a ninth unique virus induced polypeptide (Skehel, I972; Lamb et al. I978; Inglis & Almond, I979; S. C. Inglis et al. unpublished data) . One of the polypeptides, 9 or Io, may therefore be analogous to this protein and their inconsistent appearance bears resemblance to the appearance of NS2, which is also not always detected in influenza A virus-infected cells (Inglis et al. ~976) .
Migrational differences of polypeptides in different influenza B strains could be detected, suggesting that along with migrational differences in RNA segments (Ueda et al. 1978) they may be of use to determine the complete genotype of recombinant strains. However, among the six strains examined the migrational differences were not so great as might be expected in six different A strains (J. W. Almond, unpublished data) . This may reflect a closer evolutionary relatedness of the B strains which would be consistent with the observation that they have a smaller ecological distribution than the A strains.
The control of synthesis of influenza B virus polypeptides in the infected cell appeared to differ from that of influenza A virus polypeptides. No definite early and late patterns could be observed during a time course up to 8 h. The importance of this observation may be questionable however, since it has been observed with influenza A virus that the distinctiveness of the early and late patterns seems to depend on cell type (Lamb & Choppin, I978; J. W. Almond, unpublished data) . In cell types other than CEF and MDCK therefore it may be found that influenza B virus also shows definite early and late patterns of protein synthesis.
In conclusion, we find that the polypeptides of influenza B virus show remarkable similarities in number, mol. wt., location, glycosylation and processing, to the polypeptides of the influenza A viruses. Potyacrylamide gel analysis therefore, provides further evidence that influenza A and B viruses show very close evolutionary relatedness. Elucidation of the underlying reasons for their differences in biological characteristics, however, awaits comparison of further and more detailed structural and genetic analyses.
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